AQ: 1 tapraid4/zja-jacc/zja-jacc/zja02012/zja8933d12z malvankarm Sϭ1 3/21/12 Art: 17614 docheadϭExpedited Publication strongly supports a positive correlation between greater levels of LDL-C lowering and cardioprotective benefits (5) (6) (7) (8) (9) . Accordingly, current US, Canadian, and European treatment guidelines advocate decreasing LDL-C to Ͻ70 mg/dl in patients at very high risk (2) (3) (4) . Within-trial analyses indicate that greater risk reduction may be achieved with even lower LDL-C levels, and indicate no association of these lower LDL-C levels with increased incidences of adverse events (AEs) (10 -13) .
Despite the proven cardioprotective effects of statins, many patients fail to reach recommended LDL-C targets in clinical practice, even with the addition of cholesterol absorption inhibitors, niacin, or bile acid resins to a statin (14, 15) .
Proprotein convertase subtilisin/kexin type 9 serine protease (PCSK9) plays a pivotal role in low-density lipoprotein receptor (LDLR) degradation. Gain-of-function mutations of PCSK9 in humans result in hypercholesterolemia (16, 17) , whereas loss-of-function mutations are associated with low LDL-C and significantly reduced cardiovascular risk (18) . REGN727/SAR236553 (SAR236553) is a highly specific, fully human monoclonal antibody to PCSK9 that, in proof-of-concept trials in familial and non-familial hypercholesterolemia, dose-dependently reduced LDL-C by up to 62% from baseline, either with or without atorvastatin (19 -21) . The current phase 2 trial assessed 5 different SAR236553 dose regimens in patients with LDL-C Ն100 mg/dl while receiving stable 10-, 20-, or 40-mg atorvastatin doses.
Methods
This double-blind, parallel-group, placebo-controlled, US multicenter trial included patients with LDL-C Ն100 mg/dl (2.59 mmol/l) on stable-dose atorvastatin 10 mg, 20 mg, or 40 mg for Ն6 weeks. All patients reviewed and signed an informed consent form approved by a local or central institutional review board prior to any study-related procedures. Study procedures complied with International Conference on Harmonization Good Clinical Practice guidelines. An independent data monitoring committee monitored patient safety.
The primary objective was to evaluate the effect of 12 weeks treatment with SAR236553 versus placebo on LDL-C. Other objectives reported here are measurement of: absolute and/or percentage changes in total cholesterol, high-density lipoprotein cholesterol (HDL-C), triglycerides, non-HDL-C, apolipoprotein (Apo)-B, Apo-A1, and lipoprotein a (Lp(a)); and the proportion of patients achieving LDL-C treatment goals of Ͻ100 mg/dl (2.59 mmol/l) and Ͻ70 mg/dl (1.81 mmol/l). Study population. Eligible subjects were men and nonpregnant, nonlactating women aged 18 to 75 years (inclusive), with LDL-C Ն100 mg/dl (2.59 mmol/l) while receiving a stable dose of atorvastatin 10, 20, or 40 mg daily for Ն6 weeks. Drug-naive patients or patients either receiving a lipid-lowering therapy other than atorvastatin or not on a stable dose of atorvastatin 10, 20, or 40 mg daily for Ն6 weeks were eligible, provided that they met the inclusion criteria after discontinuing all other lipid-lowering therapy and completing a 6-week run-in of atorvastatin 10, 20, or 40 mg daily.
Females of childbearing potential not using an effective form of contraceptive, or pregnant or breastfeeding, were excluded, as were individuals with known sensitivities to monoclonal antibody therapies; type 1 diabetes or type 2 diabetes requiring insulin, or with HbA 1c Ն8.5%; any clinically significant endocrine disease; blood pressure Ͼ150/95 mm Hg; a history of major coronary event within 6 months of screening; a history of class II to IV heart failure; a positive serum or urine pregnancy test; a positive test for hepatitis B or hepatitis C; triglycerides Ͼ350 mg/dl; abnormal sensitive thyroid-stimulating hormone level; serum creatinine Ͼ1.5 ϫ upper limit of normal (ULN) in men or Ͼ1.4 ϫ ULN in women; creatine kinase Ͼ3 ϫ ULN; or alanine aminotransferase or aspartate aminotransferase Ͼ2 ϫ ULN.
Non-study-related lipid-altering therapy use was prohibited during the study. Thyroid preparations or thyroxin treatment (except in patients on replacement therapy) and insulin treatment were also prohibited. Nutraceutical products that may affect lipids were allowed if used at a stable dose for Ն6 weeks prior to and during screening, and if maintained at a stable dose throughout the study; initiation during the study of treatment with nutraceuticals that affect lipids, including Ͼ1,000 mg daily of omega-3 fatty acids, red yeast rice, and plant sterols, was prohibited. Study design and procedures. The study comprised 3 periods: screening, 12-week double-blind treatment, and 8-week follow-up (Fig. 1) . Screening period duration varied according to atorvastatin treatment status. For patients already receiving stable-dose atorvastatin 10, 20, or 40 mg for Ն6 weeks, the eligibility screening period was 1 week; for patients requiring the 6-week atorvastatin run-in, screening was at week Ϫ7 with eligibility assessment at week Ϫ1.
Visits during the treatment period were every 2 weeks. Patients continued on the same atorvastatin dose and were randomized 1:1:1:1:1:1 to placebo every 2 weeks (Q2W); SAR236553 50, 100, or 150 mg Q2W; or SAR236553 200 or 300 mg every 4 weeks (Q4W) alternating with placebo to mimic Q2W dosing. Randomization was stratified according to atorvastatin dose, to evaluate any effect of background (22) and accreditation by the College of American Pathologists (23) . All lipids, Apos, and safety laboratory tests were performed after 12-h overnight fasts (water only). Triglycerides and cholesterol were measured with enzymatic colorimetric tests (Olympus AU2700 or AU5400 Analyzer, Olympus, Center Valley, Pennsylvania) with calibration directly traceable to Centers for Disease Control reference procedures. Apo-B-containing lipoproteins were precipitated with dextran sulphate, and HDL-C was measured on the supernatant (24) . Apo-A1, Apo-B, and Lp(a) were measured with rate immunonephelometry (Dade Behring BNII nephelometer, Siemens Healthcare Diagnostics, Deerfield, Illinois). Safety assessments. Safety was assessed throughout the study by clinical examination, vital signs, AEs, serious AEs, laboratory tests, and 12-lead electrocardiogram. AE data were collected from screening onwards. Statistical methods. The primary study endpoint was the percentage change in calculated LDL-C from baseline (mean of week -1 and week 0) to week 12. To detect a 30% difference in % LDL-C change with SAR236553 versus placebo, assuming a 20% to 30% standard deviation and a 5% rate of unevaluable primary endpoint, and using a 2-sided t test at 0.05 significance level, 30 patients per treatment arm were required to achieve a power of Ͼ99% to 96%.
For the primary efficacy endpoint analysis, a hierarchical testing procedure was applied to ensure strong control of the overall type-I error rate at the 0.05 level when testing the 5 SAR236553 dose regimens versus placebo. The order used was SAR236553 150 mg Q2W versus placebo first; SAR236553 300 mg Q4W versus placebo second; SAR236553 100 mg Q2W third; SAR236553 200 mg Q4W fourth; and finally, SAR236553 50 mg Q2W. The hierarchical testing sequence continued only when the higher-order test was statistically significant at the 5% level. No further adjustment was performed for secondary analyses or endpoints, for which p values were provided for descriptive purposes only.
EFFICACY ENDPOINTS. The primary efficacy endpoint was analyzed in the modified intent-to-treat (mITT) population, defined as all randomized patients with an evaluable primary endpoint, using an analysis of covariance model with treatment group and randomization strata of atorvastatin dose as fixed effects, and baseline LDL-C as covariate. The treatment group factor had 6 levels: placebo; SAR236553 50 mg Q2W; SAR236553 200 mg Q4W; SAR236553 100 mg Q2W; SAR236553 300 mg Q4W; and SAR236553 150 mg Q2W. Patients in the mITT population were analyzed according to randomized treatment group. The last observation carried forward method was applied to impute missing week 12 LDL-C on-treatment values. Throughout the analysis of covariance model, each SAR236553 treatment group was compared with placebo using appropriate contrasts. Ninety-five percent confidence intervals of the difference versus placebo were not adjusted for multiple comparisons. Secondary efficacy endpoints were analyzed in the mITT population using the same analysis of covariance model, with treatment group and randomization strata of atorvastatin dose as fixed effect, and corresponding baseline value as covariate. tapraid4/zja-jacc/zja-jacc/zja02012/zja8933d12z malvankarm Sϭ1 3/21/12 Art: 17614 SAFETY ENDPOINTS. All safety analyses were performed on the safety population (all randomized patients who received at least 1 full or partial dose of investigational product, analyzed according to the treatment actually received). Four patients received a dose at 1 (or several) visit(s) differing from the dose allocated (5 cases in 4 patients). For these patients, the treatment arm allocation for as-treated analysis was defined in a blinded manner using a pre-specified algorithm before the database was locked. Demographic and baseline data were summarized on the all-randomized population, and analyzed in the randomized treatment group.
Results

Study population.
Of 514 patients screened at 34 centers between January and August 2011, 183 met the eligibility criteria and were randomized to treatment (Fig. 2) . Ninety percent of patients completed the full 12-week treatment period. The most frequent cause of premature study withdrawal (6 patients) was treatment-emergent AEs (described later in the text). Other causes included noncompliance with study medication, difficulty with/ unacceptability of subcutaneous injections, and loss to follow-up ( Fig. 2) . 227  228  229  230  231  232  233  234  235  236  237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281 tapraid4/zja-jacc/zja-jacc/zja02012/zja8933d12z malvankarm Sϭ1 3/21/12 Art: 17614 Table 1 summarizes baseline patient characteristics. The efficacy analysis included 179 patients (98%). One randomized patient was not treated; the safety population therefore comprised 182 patients. Primary efficacy outcomes. Table 2 summarizes changes in lipid values from baseline to week 12. Mean baseline LDL-C across all treatment groups was similar at 123 to 132 mg/dl. SAR236553 demonstrated a clear dose-response pattern in LDL-C lowering for both Q2W and Q4W administration. Least squares mean Ϯ standard error reductions in LDL-C from baseline were 39.6 Ϯ 3.2% with 50 mg Q2W, 64.2 Ϯ 3.1% with 100 mg Q2W, 72.4 Ϯ 3.2% with 150 mg Q2W dose, 43.2 Ϯ 3.3% with 200 mg Q4W, and 47.7 Ϯ 3.2% with 300 mg Q4W, versus 5.1 Ϯ 3.1% with placebo. LDL-C reductions with SAR236553 were similar among atorvastatin doses (Fig. 3) . Figure 4 illustrates percentage LDL-C change at 2-week intervals. LDL-C reduction among placebo recipients reached a maximum of 13.4% at week 6 and was 5.1% by week 12. LDL-C decreased significantly from baseline by 30.5%, 53.6%, and 62.9% at 2 weeks post-dosing with SAR236553 50 mg, 100 mg, and 150 mg Q2W, respectively, with further reductions reaching 39.6%, 64.2%, and 72.4%, respectively, at week 12 (last observation carried forward). For the 200-and 300-mg Q4W regimens, LDL-C reductions achieved 2 weeks after the first dose were 66.8% and 69.5%, respectively, which waned over the succeeding 2 weeks (after administration of a placebo dose) to 38.6% and 53.4%, respectively, at week 4. A similar pattern was observed with each subsequent 4-week dose, such that LDL-C reductions in these treatment arms appeared consistent at each 4-week period. 282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337   T1   T2   282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337   F3   F4 tapraid4/zja-jacc/zja-jacc/zja02012/zja8933d12z malvankarm Sϭ1 3/21/12 Art: 17614 docheadϭExpedited Publication Secondary efficacy outcomes. Treatment effects on non-LDL lipid and Apo parameters are shown in Table 2 . Total cholesterol, non-HDL-C, and Apo-B decreased substantially. Apo-B and non-HDL-C were reduced by 27% to 56% and 34% to 63%, respectively, and Lp(a) by 13% to 29% across SAR236553 Q2W regimens. Changes in Apo-B and related lipids were proportional with the changes in LDL-C. Changes in triglycerides were variable and mostly small; the exception to this was the 150-mg Q2W regimen, which reduced triglycerides by 19%. Increases in both HDL-C and Apo-A1 were variable, but greater with all SAR236553 regimens than with placebo. Eighty-nine percent to 100% versus 16% of SAR236553 versus placebo recipients achieved a target LDL-C of Ͻ100 mg/dl (Fig. 5) . The LDL-C Ͻ70 mg/dl target was achieved by 47%, 84%, and 100% of 50-, 100-, and 150-mg Q2W recipients, respectively, and by 46% and 57% of 200-and 300-mg Q4W recipients, versus 3% of placebo recipients. At week 12, the Apo-B target of Ͻ80 mg/dl was achieved by 67% to 100% and 59% to 77%, and the non-HDL-C treatment target of Ͻ100 mg/dl by 60% to 100% and 54% to 60% of patients assigned to 50 to 150 mg Q2W and 200 to 300 mg Q4W, respectively. Corresponding percentages for placebo were 10% and 3%, respectively.
Safety.
AEs were similar for all treatment groups, with no dose relationship observed (Table 3) .
Five serious AEs occurred in 4 patients during the study: a 64-year-old placebo-treated male required back surgery; a 68-year-old female assigned to SAR236553 200 mg Q4W underwent elective right knee total arthroplasty; a 69-yearold female with a history of chronic obstructive pulmonary disease, assigned to SAR236553 100 mg Q2W, was hospitalized during the follow-up period for worsening disease; and a 57-year-old male who, after the initial dose of SAR236553 300 mg Q4W, developed diarrhea followed by a rash on his arms, legs, and abdomen, and was diagnosed by biopsy with leukocytoclastic vasculitis. Prednisone treatment led to full resolution. The investigator considered this a significant medical event. No antidrug antibodies were found following the event, but the week 20 follow-up assessment found minimally detectable (30) anti-drug antibodies. Blood samples obtained about 6 months after the event were assessed for antinuclear antibodies, tryptase, high-sensitivity C-reactive protein, and immunoglobulin A, E, M, and G. The antinuclear antibody assessments were negative, and all other results were within normal limits. The same patient required surgery for a humerus fracture that occurred during the follow-up period. The proportion of patients in each treatment arm achieving targets of: Ͻ100 mg/dl (2.59 mmol/l) and Ͻ70 mg/dl (1.81 mmol/l) for low-density lipoprotein cholesterol (LDL-C); Ͻ100 mg/dl (2.59 mmol/l) for non-high-density lipoprotein cholesterol (non-HDL-C); and Ͻ80 mg/dl (2.07 mmol/l) for apolipoprotein B (Apo-B) . Abbreviations as in Figures 1 and 3 . 338  339  340  341  342  343  344  345  346  347  348  349  350  351  352  353  354  355  356  357  358  359  360  361  362  363  364  365  366  367  368  369  370  371  372  373  374  375  376  377  378  379  380  381  382  383  384  385  386  387  388  389  390  391  392  393   F5   338  339  340  341  342  343  344  345  346  347  348  349  350  351  352  353  354  355  356  357  358  359  360  361  362  363  364  365  366  367  368  369  370  371  372  373  374  375  376  377  378  379  380  381  382  383  384  385  386  387  388  389  390  391  392  393   T3   AQ: 4 tapraid4/zja-jacc/zja-jacc/zja02012/zja8933d12z malvankarm Sϭ1 3/21/12 Art: 17614
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Six patients prematurely discontinued SAR236553 owing to AEs: 1 each in the 100-mg Q2W (neutropenia) and 150-mg Q2W (fatigue) arms, 3 in the 200-mg Q4W arm (injection-site rash, chest pain, and combined headache and nausea), and 1 in the 300-mg Q4W arm (leukocytoclastic vasculitis described earlier in the text). No AE-related discontinuations occurred with placebo.
Mild injection-site reactions (this group term included erythema, pruritis, swelling, discoloration, hematoma, and rash) were the most common AEs (Table 3) . These occurred in SAR236553 recipients only, and were more common with Q2W than Q4W dosing. Elevated creatine kinase Ͼ10 ϫ ULN occurred in 1 patient (placebo-treated); none had hepatic transaminases Ͼ3 ϫ ULN or significant changes in other laboratory values. Muscle complaints were infrequent and similar across treatment groups.
Discussion
This study demonstrated that SAR236553 is associated with dose-related and dose regimen-dependent LDL-C reductions in patients receiving stable atorvastatin therapy. LDL-C reductions with 100 and 150 mg Q2W were greater than with 200 and 300 mg Q4W at week 12, and reached a maximum of 72% (150 mg Q2W). SAR236553 150 mg Q2W reduced LDL-C to Ͻ70 mg/dl in 100% of For the safety population, the patients on 100 mg Q2W and 200 mg Q4W were maintained in their respective groups, whereas the 2 patients in the 300-mg Q4W arm were switched to the 200-mg Q4W treatment arm, giving a total of 31 patients in the 200-mg Q4W arm. AE ϭ adverse event; ALT ϭ alanine aminotransferase; AST ϭ aspartate aminotransferase; CK ϭ creatine kinase; SAE ϭ serious adverse event; TEAE ϭ treatment-emergent serious event; ULN ϭ upper limit of normal.
patients. The continued trend towards lower LDL-C observed with multiple SAR236553 Q2W doses may indicate a potential for further LDL-C reductions with longer therapy duration. LDL-C reductions with SAR236553 were unaffected by atorvastatin dose (10, 20 , or 40 mg daily), suggesting that, although both statin and PCSK9 monoclonal antibody therapies up-regulate LDLRs, their mechanisms of LDL-C reduction are independent. Further, these agents appear to provide additive LDL-C-lowering effects when administered in combination. LDL-C reductions achieved with SAR236553 result from increased numbers of LDLRs. The increase in LDLRs arises from PCSK9 inhibition, and enhances the clearance of any Apo-B-containing particles-including LDL, very-lowdensity lipoprotein, and possibly, Lp(a). To our knowledge, increasing LDLRs by combining SAR236553 with a statin is not associated with any adverse effects.
Our findings suggest that patients who are unable to achieve LDL-C treatment targets with statin monotherapy may do so with the addition of SAR236553. Because LDL-C increased after 2 weeks post-dosing, Q2W administration appears the most favorable dosing schedule.
SAR236553 100 and 150 mg Q2W reduced Apo-B by 48% and 56%, respectively, allowing 90% and 100% of patients to achieve the Ͻ80 mg/dl Apo-B goal. Statin trials indicate that no threshold exists, below which further LDL-C reduction provides no additional benefit (25) . However, post hoc analyses of large outcomes trials suggest that LDL-C does not represent the vascular burden of all atherogenic lipoproteins, and that non-HDL-C and, even more so, Apo-B levels may correlate better with outcomes (3, 26) , especially in secondary cardiovascular disease prevention and in high cardiometabolic risk patients (27, 28) . Adding ezetimibe and/or bile acid sequestrants to statins further reduces LDL-C by 12% to 18%, but reduces Apo-B by only around 6%. This may account for the observed failure to reach Apo-B targets when LDL-C goals are met (29) . The potential of SAR236553 to enable nearly all patients to attain both LDL-C and Apo-B targets may thus offer an opportunity for further cardiovascular risk reduction.
In this study, the effects of SAR236553 on triglycerides were minimal; however, baseline triglyceride levels were fairly low at 117 to 146 mg/dl. Statins, which also upregulate LDLR activity, similarly have little effect on triglycerides in normotriglyceridemic patients (30) . Very-lowdensity lipoprotein particles are the principal carriers of triglycerides. These particles contain Apo-B and are therefore subject to enhanced clearance as a result of LDLR up-regulation by SAR236553. Thus, greater triglyceride reductions would be expected in patients with higher baseline triglycerides, and assessment of the true triglyceride-lowering potential of SAR236553, with or without statins, will require studies in patients with elevated baseline levels.
As in the earlier phase 1 trial (31), there was a trend towards HDL-C and Apo-A1 increases with SAR236553 versus placebo. HDL-C may increase as a result of reduced cholesteryl ester transfer protein-mediated transfer of cholesterol from HDL to LDL or very-low-density lipoprotein, owing to the reduction of LDL to very low levels. This inability to transfer cholesterol from HDL leads to relative increases in HDL-C, as evidenced by the minimal change in Apo-A1, the major apolipoprotein in HDL.
The consistent, robust 13% to 29% Lp(a) reduction with SAR236553 Q2W confirms phase 1 data showing similar effects in SAR236553 patients receiving atorvastatin, but not in those on diet alone (31) . As the LDLR up-regulation induced by statins, ezetimibe, and bile acid sequestrants has no impact on Lp(a), it is possible that, with the large LDL-C reductions, remaining competition from the Apo-B on LDLR is minimal, enabling LDLR uptake of the lower-affinity Apo-B on Lp(a). The actual mechanism of Lp(a) reduction will require further study.
SAR236553 was well tolerated during this short study. The frequency of injection-site reactions-which were generally mild, transient, and nonprogressive-requires much larger, longer trials to determine clinical and compliance impacts. There was no evidence of increasing clinical or laboratory side effects with increasing SAR236553 dosage. Specifically, this short study produced no evidence of increases in either hepatic or muscle-related enzymes. The occurrence of leukocytoclastic vasculitis in 1 patient 9 days after initiation of SAR236553 300 mg was not associated with other organ involvement, and the patient responded rapidly to SAR236553 withdrawal and steroid therapy initiation. No similar reactions were reported in prior SAR236553 studies. Although the exact causality of the leukocytoclastic vasculitis in this subject cannot be determined, it was deemed by the investigator to be SAR236553-related. Again, larger, longer trials are required to determine the frequency and severity of this potential side effect.
Leukocytoclastic vasculitis is a generally benign disease that occurs in 40 to 60 individuals/million persons/year, with drug therapy identified as the cause of about 20% of cases (32) . Numerous classes of agent have been implicated in its development, including antibiotics and nonsteroidal anti-inflammatory drugs (33) , and leukocytoclastic vasculitis is listed as an AE in the prescribing information for most commercially available monoclonal antibody therapies. A recent review of articles published between 1990 and 2008 reports 118 cases of cutaneous leukocytoclastic vasculitis in patients receiving TNF monoclonal antibody therapy (34) .
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